The Kirindi Oya irrigation scheme is considered water scarce since its inauguration in 1986. At present, it is faced with the grave problem of its farmers leaving paddy cultivation especially in the RB sub system. The present governance of the irrigation system was evaluated using inequality in irrigation water supplies as an indicator of farmer dissatisfaction. Gini Coefficient proved strong for our cause, of the three inequality measures used. Monitoring inequality in the irrigation system provides approaches to better future governance. The Lorenz curves provided a wide insight into the inequality conditions as well. The introduced methodology will facilitate irrigation management in the whole Asia.
INTRODUCTION
We live in a world where population growth, economic development and technological enhancements outpace the environmental thresholds 1) . Climate change will further worsen the water availabilities. A comparison of average rainfall in the period with that of , has revealed that the Sri Lankan dry zone is already expanded due to climate change 2) . The country suffers from pronounced occurrences of spatial as well as temporal water scarcities, even though are masked by the country level statistics. The total utilizable water resources per unit area across the districts varies from 1430mm to 30mm in Maha (Primary cultivation season) and from 1700mm to 20mm in Yala (Secondary season) 3) . The inequality between the "have" and "have not" is widened, leaving irrigation system managers with more social issues along with demand management at hand rather than the traditional technological issues. One such problematic irrigation system is the Kirindi Oya Irrigation and Settlement Project in the Southern Sri Lanka.
The need for institutional reforms in Sri Lanka 4) and in the Kirindi Oya irrigation system 5) has been already highlighted by many researchers. Some researches have addressed the social aspects of the Kirindi Oya irrigation system 4)-6) , while others have focused on the technical and operational aspects 7)-9) . Renault et. al. 9) and Sakthivadivel, et. al. 10) have taken comprehensive approaches, even though they have lead to more technical conclusions. Even though inequity in the irrigation system is a common observation 5),9), 10) , none of them have been able to address the roots of problems adequately, where irrigation system managers should focus their attention on, in order to achieve a sustainable management. This research takes an integrated approach, which breaks through this difficulty by considering inequity in irrigation water issues simplified as inequality, as the focal point. The implications of inequalities in irrigation water issues in the Kirindi Oya irrigation system for its management are explored as well.
As irrigated rice cultivation is a basic requirement in the agricultural sectors of all the Asia, this research is expected to benefit the whole region. , which is having aggravated water availability from less to lesser due to climate change 2) and due to the upstream urbanization 10) . The average rainfall is around 1000mm, of which 75% falling in Maha (October to March) and the rest falling in the Yala (April to September) season 5) . Annual average evaporation is around 2100mm 11) . In 1986, the Lunugamwehera reservoir was constructed, damming Kirindi Oya, under which new agricultural land were developed under the Left Bank (LB1900ha) and the Right Bank (RB -3500ha) sub-irrigation systems (Fig. 1) . About 5200 families were settled in this new area in the 1980s 10) . The existing irrigation system (Ellagala Irrigation System -EIS -4200ha) with 5 off-stream tanks was integrated with the new system by an anicut downstream the Lunugamwehera reservoir at Ellagala. The water supplied to the RB and LB canals are used to flood irrigate RB and LB fields, and the resulting runoff fills the five off-stream tanks downhill of RB (1-2, Fig. 1 ) and LB (3-5, Fig.  1 ). This drainage water and the seepage losses from the earthen canals (67.6% of the irrigation supply) are then reused by the EIS. Only 30% of the total irrigation issue 10) to the EIS is being directly supplied from the Lunugamwehera reservoir. Lunugamwehera reservoir is intended to supply the irrigation water to LB, RB and EIS and the domestic and industrial demands of the new settlers in the LB and RB. The EIS residents depended on ground water for their domestic water needs. Rice is the main crop cultivated in the irrigation system. The probability of failure of the Lunugamwehera reservoir is 67% (2002 Yala to 2009 Yala). Fig.2 clearly explains the unreliability of the reservoir inflows (Measured at Thanamalwila flow gauge - Fig. 1 (2) Institutional setting Water right for irrigation land is the most widely recognized form of water right by Sri Lankan statutory law and it was recognized by the customary law since king's reigns. Individual's rights to water are tied to land rights. The EIS farmers own their agricultural land, in contrast with the LB and RB farmers. They have only use and management rights on their land. The alienation rights are such that, they can inherit their land, but cannot sell it 12) . In 1988, the government adopted the Participatory Irrigation Management (PIM) policy for all major irrigation projects. Farmers were required to organize themselves into Water User's Organizations (WUO) and take the full responsibility of the operation and maintenance of the secondary and tertiary field canals, to be exempted from the irrigation fee (1984) (1985) (1986) (1987) (1988) 4) . The communication between the stake holders became more organized and effective under the direction of the Project Management Committee (PMC) lead by the Resident Project Manager (RPM). The PMC acts as the platform for communication for the farmers, the irrigation authority and for the department of agriculture as well. The field level farmer organizations act as primary conflict resolution institutions, while if unsolved would be referred to the PMC. A priority order to ease the water allocation decisions was prepared with the lead of the PMC, for this already water-short irrigation scheme. The priority order was an effective water use plan essential to the success of the Maha season, which zoned the LB and RB into 3 command zones. The issue of water was rotated among these three zones and the EIS (Old system). One shortcoming of this priority order was giving the EIS the first priority to receive water for each season, considering the riparian right of the EIS resident farmers, over the new settlers in LB and RB sub systems 10) . This decision was backed mainly by the discrepancy in the irrigation water rights between new (LB and RB) and the EIS farmers. During some years, some tracts in the new area did not receive irrigation water even during Maha 10) . The distrust between the new settlers and the EIS farmers lead to violation of PMC water allocation decisions as well. The new settlers have been in Kirindi Oya system for more than 20 years until present. Even though, the same priority order still caters for the Kirindi Oya farmer communities. The most suffering were the RB farmers. The managers find it difficult to keep these farmers in paddy cultivation, due to low returns from their farmlands. This acceptability of the irrigation water rights discrepancies between the EIS (old system) and the new system (LB and RB) farmers is discussed here through the priority order for irrigation issues in the means of inequality of irrigation issues per land unit (1ha) in this research as well.
STUDY AREA

METHODOLOGY
Seasonal irrigation issues to the sub irrigation systems LB, RB and EIS of the Kirindi Oya Irrigation and Settlement Project (KOISP) from 2002 Yala to 2009 Yala season were analyzed for their inequalities. Irrigation water inequity over paddy farmers was simplified to irrigation supply inequality among the unit areas of paddy. The irrigation supply data were taken from the Department of Irrigation, Sri Lanka, as hourly canal issues for LB, RB and EIS at Ellagala (Fig. 1 ) in m 3 s -1 . The total sub system areas already developed for paddy cultivation were taken for this analysis 5),8), 10) . Farmer complaints to the PMC of inadequate irrigation supplies to their farmland were considered as indicators of farmer dissatisfaction.
(1)Measuring inequality between irrigation supplies Three measures of inequality were occupied to measure the existing inequalities between the seasonal water allocations to the three sub irrigation systems of the Kirindi Oya system, in order to assess the inadequacy of the present water rights and the priority order for irrigation issues adopted. The inequalities were calculated in between the sub irrigation systems LB, RB and EIS only. The internal inequality inside each sub system was assumed to be zero, or no inequality for the present analysis, aiming to focus on the between-sub-system priority order, and due to the data unavailability in the stake holder level at the moment. Nevertheless, researches provide evidence for existence of head -to-tail inequalities in the water distributions within the sub irrigation systems 9), 10) , due to poor canal maintenance. The Coefficient of Variation (c), the Gini Coefficient (G) and the Theil's Index (T) were utilized as the inequality measures (Table 1) . Here, i and j are two unit areas (1 ha) of land cultivated in a season. i y and j y are the seasonal irrigation water supplies (MCM) to land units i and j . As we assumed intra-sub-system inequality to be zero, i y and j y were calculated as the average seasonal irrigation supply per unit area (1ha) of land. n is the total area of cultivated land in that particular season in the Kirindi Oya irrigation system. V is the variance of the seasonal irrigation issues and y being the mean of irrigation water supplies of that season.
RESULTS AND DISCUSSION
The discrepancy of the water rights between the RB, LB and the EIS sub-irrigation systems and the inadequacy of the priority order of irrigation issues among the three sub-systems of the Kirindi Oya Irrigation Settlement Project were evaluated for their acceptability under the present water availabilities of Kirindi Oya. For the ratios of these two variations; drought to normal period variations, T displays the highest ratio (67.6), indicating a highest sensitivity to low water availabilities, while the ratios for c and G are 25.0 and 14.2. Therefore, in indicating inequalities in droughts, the strongest index is the Theil's index. Nonetheless, the inequalities should be identified before they get worse, as our aim is to plan in advance before they occur. Therefore, Gini Coefficient, which has an overall high sensitivity in low and high water availability conditions, is chosen for this study. It has added advantages in the clarity of its graphical representation -the Lorenz curves to ease management decision making, in addition to its attractive 0-1 scale.
In such drought periods as 2002-2005, the priority rule to provide for the needs of the EIS governs the water allocations in Kirindi Oya system 5), 10) . Fig. 3 clearly explains the inability of the water allocation priority order to tackle the equity problem during droughts. There is a clear-cut increment of inequality in the 2002-2005 drought, compared to normal [2005] [2006] [2007] [2008] [2009] . Another important reason behind the decision to give priority in irrigation water issues to the EIS is that the yields of EIS lands are the highest 10) . Therefore, in view of the irrigation scheme productivity, this is not a poor decision at all. Nonetheless, this priority order is not flexible enough to cater for the needs of the people for which the KOISP was meant to support (LB and RB new irrigation sub schemes). (Fig. 3) , in four seasons the priority of the irrigation water allocations was given to the EIS sub-system. In all four seasons, the lowest priority was given to the RB sub system. Therefore, what we can conclude from this figure is that the inequality in irrigation issues per land unit is very high between the RB and EIS sub systems, even though further clarification is required to distinguish between the inequality conditions. Nevertheless, the generalized Lorenz curves for the same four seasons in Maha irrigation water distribution is inferior to the other two inequality states, due to the very low water availability to RB. Furthermore, the irrigation issues to RB (The lowest irrigation water receiver) hasn't increased or changed considerably. The LB and the EIS has received increased quantities of irrigation issues. Therefore, the 2002/2003 Maha inequality between EIS and LB has got reduced, and their social status enhanced. Nevertheless, the same has created a wider gap between the RB and other two sub systems, making social issues in RB and with the management inevitable. This season has the highest inequality (0.55) of all the four seasons. (Fig. 5) to the RB, LB and EIS respectively. (Fig.2) . The number of complaints is highest in 2002 Yala, although the inequality is lower. This might be the influence of the previous drought period (1998 Yala to 2002 Yala). It is clear that the number of complaints confirm the rough drought and normal period Fig.6 The inequalities in irrigation supplies between LB, RB and EIS (Measured by Gini Coeffient) compared with the number of complaints in the RB sub system variations of inequalities measured by Gini Coefficient. Nevertheless, the time scale considered here is only seven years. Focus on a longer time scale is required to confirm this, with a comprehensive assessment of the complaints from other two (LB and EIS) sub systems as well.
CONCLUSSIONS
The approach used in this research was to occupy inequality in irrigation water issues to sub systems of the irrigation scheme to identify the incapability of some of the irrigation management practices to reduce farmer dissatisfaction on the management in droughts. The Kirindi Oya Irrigation Settlement Project in Southern Sri Lanka was assessed for the implications of inequalities for its management. The inequalities in droughts (2002 Yala to 2004 Yala) were considerably higher between the RB, LB and the EIS sub irrigation systems, due to the priority order utilized in water allocations, to provide for the EIS sub system above the other two. The managers find it difficult to give priority to the RB and LB because of the long prevailing irrigation water rights discrepancy between the farmers of EIS and the new settlements (LB and RB). The available water is already managed well otherwise, while irrigation efficiency enhancement is still an open option for the Kirindi Oya irrigation system 9) . The High canal losses and drainage flow could not be considered as losses, as they are reused downstream as direct irrigation water or as ground water by the EIS sub system, or as environmental use by the wildlife of the Bundala National Park 5) which surrounds the lagoons near the Kirindi Oya river mouth. Head to tail inequalities in irrigation supplies do exist inside subsystems, although negligible compared to between sub systems inequalities 9),10) . Therefore, it is very clear that the water rights should be equalized between EIS, LB and RB. The PMC is the best platform for getting the stakeholders unite for decision making, while better understanding between farmers and irrigation authority is essential. A government backing is also necessary in the water rights equalization, as the authority of the PMC is limited within the available institutions and laws.
The Coefficient of Variation, the Gini Coefficient and the Theil's Index were the inequality measures for this analysis. They provided good comparisons across the inequality conditions of irrigation water allocations between the irrigation subsystems. Nevertheless, the Gini Coefficient proved more attractive due to its ability to capture inequality in lower as well as higher irrigation issues, allowing the manager early identification of inequality trends. By monitoring inequalities, it is possible to identify the increasing trends and the seasons could be planned suitably as to reduce inequalities as much as possible. This will facilitate sustainable management of irrigation systems under dry spells. The implications of inequalities in irrigation issues discussed under this research are expected to benefit the whole Asia, which depends on flooded irrigation for their staple rice production.
